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A new dynamometer vehicle was developed by the Hungarian Institute of 
Agricultural Engineering (MGI) to determine the traction performances of 
agricultural tractors on soft soil (fields) and on hard surfaces. The braking 
system of the vehicle is a special diesel-hydraulic version with 400 kW 
of power. Drawbar-force and travel-speed measurement and control and 
real-time data analysis are realised with a Programmable Logic Controller 
(PLC) control unit and Personal Computer (PC) data collection.  
The dynamometer vehicle developed is not only suited to the 
determination of the performance data of agricultural tractors on fields, it 
is also useful for research and development testing of tractors.
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D
ynamometer vehicles used in test 
institutes for testing off-road ve-
hicles and agricultural tractors 
are usually made for use on as-
phalt or concrete roads and cannot be 
used on fields or terrain. On other case, 
the existing dynamometer vehicles use-
ful for field test have a significant limit of 
drawbar force and drawbar power (Filho 
et al., 2008; Kathirvel, Balasubramanian, 
and Manian, 2000; Leviticus, 1980). The 
current method of measuring the perfor-
mance of agricultural tractors approved 
by different International Standards is to 
measure the drawbar power over a range 
of gears on a test track using an instru-
mented load car. This is why these ve-
hicles are useful only on test tracks. It is 
well known that the traction characteris-
tics of a tractor depend on the following: 
1) the tractor construction and driveline 
(Bashford, Woerman and Shropshire, 
1985; Zoz and Wiley 1995), 2) the me-
chanical properties of the soil (Söhne, 
1961), and 3) the interaction of the tyres 
(or track system) with the soil (Komán-
di, 1990; Sitkei, 1972; Söhne, 1961). This 
means that for tests of agricultural trac-
tors and other off-road vehicles to have 
value, they must be made on soft soil 
(fields). Therefore, the analysis of draw-
bar force and power is important from 
not only a practical but also a theoreti-
cal perspective.
The need to have the value of off-road 
vehicles led the NARIC Institute of Ag-
ricultural Engineering (MGI) to devel-
op a new dynamometer vehicle. The 
goal of development was to create a dy-
namometer vehicle that can be used on 
fields to determine the traction char-
acteristics of agricultural tractors and 
other off-road vehicles. Moreover, the 
vehicle must be suitable for R&D ac-
tivities, such as testing different track 
systems of off-road vehicles, soil-wheel 
interactions and mobility of other types 
of vehicle (e.g., military vehicles).
Description of the dynamometer 
vehicle
The basic vehicle
To construct the dynamometer vehi-
cle, a MAZ-537 military pulling vehicle 
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was used (Fig.2). This vehicle has eight 
driven and independently suspended 
wheels, and its traction capability is ex-
cellent.
To make it suitable for use as a dynamom-
eter vehicle, the following modifications 
were made to the construction:
• the original Russian engine was 
changed to a 400-kW IVECO V8 
Cursor engine;
• the original transmission system was 
changed to a hydrostatic drive, and 
the functions of the original pow-
er-transmission elements were tak-
en over by the built-in hydrostatic-
drive-system equipment (pumps, hy-
draulic motors, valves, and pipes), 
which enable controlled driving;
• a drawbar system was fitted to the 
front of the dynamometer vehicle to 
make a suitable connection between 
the dynamometer vehicle and the test 
vehicle (it has an adjustable connection 
height for horizontal positioning and 
allows a pushing force to be applied to 
the test vehicle for the measurement of 
motion (rolling) resistance);
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Application of the device
The dynamometer vehicle as a self-propelled vehicle has a closed hy-
drostatic drive with a closed control system. 
The pump unit is fitted directly onto the flywheel of the diesel engine 
via a clutch; thus, its rate of revolution is equal to the engine speed. 
The pump unit has two pumps with the same axle but independent 
suctions and pressure lines. The first pump is an axial-piston variable 
pump with a swash plate and the second is a boost pump that acts 
as a feed. The wheels of the vehicle are driven via two axial-piston 
variable hydro motors fitted onto the gearbox built into the driveline. 
Another original gearbox in the driveline ensures two speed steps. 
The auxiliary pump prevents overspeeding of the diesel engine when 
its torque is not high enough to eliminate the set brake torque.
• a PLC was built in for control and for 
monitoring and display of the main 
parameters.
Requirements of the dynamometer 
vehicle
Two modes of operation are necessary: 
normal drive mode, for moving from 
site to site, and braking mode. The speed 
range of both drive modes is 0–35 km/h. 
The dynamometer vehicle must move 
with stepless active drive (continuously 
variable transmission).
The pulling force must be infinitely vari-
able between 0 and 150 kN.
The drawbar power must be infinitely 
variable between 0 and 250 kW.
The controller of the braking force and 
the travel speed of the dynamometer 
vehicle must be able to run a predeter-
mined speed or braking-force plan.
In case of an emergency, the driver 
must be able to take control of the ve-
hicle immediately. Two modes of con-
trol are necessary: force-control mode, 
for when the towing force varies greatly, 
and speed-control mode, for when the 
towing force varies little but the speed 
varies greatly. 
Software and operation of the 
dynamometer vehicle
General function
A dynamometer vehicle application was 
developed to control the hydrostatic 
drive system to keep a constant speed 
and braking (pulling) force, which can 
be set by the operator with a toggle 
switch while the vehicle is being pulled. 
Additional braking force is applied by a 
separate hydraulic braking circuit with 
a hydraulic motor and a proportional 
pressure valve, which is also propor-
tionally controlled. The actual and set 
values of the braking force and speed 
are shown on the Di2 display (An LCD, 
graphic (240x128), monochrome, ad-
justable contrast/brightness display for 
displaying process variables, data input 
and diagnosis). For non-braking oper-
ation, there is a normal drive mode in 
which speed is controlled by the accel-
erator pedal.
The application also monitors the 
pressure in the hydrostatic drive cir-
cuit, diesel overspeed and diesel over-
load during braking mode and nor-
mal drive mode and adjusts the speed 
(conditions) to keep the machine pa-
rameters at a safe level.
Main application components (Fig. 3):
Actuators:
• pump proportional-control drive circuit;
• motor proportional-control drive circuit;
• constant motor for hydraulic addition-
al braking circuit.
Sensors and control:
• RC6-9/20 controller unit – used for 
the programmable control of pro-
portional solenoids and additional 
switching function. It can therefore 
be used for hydrostatic travel drives 
in vehicle. The controller consist of 
a powerful 16 bits microcontroller, 
6 proportional and 9 switched out-
puts, 8 analog inputs and 5 frequen-
cy input, RS 232 and CAN BUS. The 
RC6-9/20 controller is manufactured 
by Bosch Rexroth AG;
• display;
• pedal-angle sensor;
• pressure sensors;
• temperature sensor;
• hydro-motor-speed sensor and die-
sel sensor;
• external-force sensor (Tensile/com-
pressive force transducer, type: U2B. 
Nominal force: 200 kN. Class of Ac-
curacy: 0,1. Rated sensitivity: 2mV/V. 
Manufactured by Hottinger Baldwin 
Messtechnik GmbH);
• BODEM (Control software of the dy-
namometer vehicle).
Description of the operation
The RC6-9/20 with the dynamometer-
vehicle software controls the two EP hy-
draulic motors (Electric Control, With 
Proportional Solenoid) using the DA hy-
draulic pump (Hydraulic Control, Speed 
Related) and DBEM pressure valve (Pro-
portional Pressure Relief Valve).
Dynamometer vehicle.
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• There are two drive modes: normal drive 
mode and braking mode, with vehicle 
speed controlled by setting the speed or 
braking force of the closed-loop control-
ler. Selection between modes is made 
with the drive-mode switch.
• The automotive drive system is realised 
by a pump and two parallel EP motors 
controlled via the pedal-angle signal.
• Monitoring functions are built in to 
keep the machine operating in safe 
conditions (diesel-load-limit control, 
diesel-overspeed control, overpressure 
control, and fault detection). These 
functions influence the vehicle speed 
and braking-circuit pressure valve to 
achieve the set work parameters.
Normal drive:
• During normal drive, the driver has 
full control over the vehicle, and the 
speed depends on the accelerator-
pedal angle.
• The desired speed in normal drive 
mode is reduced by load-limit con-
trol. The load limit is evaluated by the 
diesel engine speed drop in compari-
son with the known curve of speed vs. 
pedal angle.
Braking mode (pull mode):
• In this mode, the vehicle is pulled by 
another vehicle, and the controller al-
gorithm controls speed or force (de-
pending on operator choice).
• The speed of the vehicle is controlled 
by setting the value of the speed or 
force (set by 2 switches, set UP and set 
DOWN). The sensitivity (scaling) of 
the control is adjustable.
• The braking-force signal is supplied 
by an external sensor (attached to the 
drawbar) that measures braking force. 
The sensitivity (scaling) of the control 
is adjustable.
Machine states:
1. Start locked: waiting for starting con-
ditions after power up; outputs are not 
active; indicated by blinking error lamp.
2. Park mode: no drive direction has be-
en chosen; machine stands still; outputs 
are set to minimal values.
3. Drive-forward mode: forward dri-
ving is possible; speed depends on the 
accelerator-pedal signal.
4. Drive-backward mode: backward 
driving is possible; speed depends on the 
accelerator-pedal signal.
5. Force-braking mode: force control-
ler is active and controls the speed of the 
vehicle to set force values; only forward 
driving is possible.
6. Speed-braking mode: speed control-
ler is active and controls the speed of the 
vehicle to set speed values; only forward 
driving is possible.
7. Fault error detected: information 
about the fault type is displayed; reac-
tion depends on the drive mode.
Measurement and data-
collection system
The measurement and data-collection 
system has three main parts:
• Signal converters
• SPIDER8 data collector – a multi-
channel PC based data acquisition 
system manufactured by Hottinger 
Baldwin Messtechnik GmbH. 
All of 8 channels in the Spi-
der8 provide excitation for 
passive trans-
ducers, amplifier, filters and its own 
A/D converter. All A/D
• converters operate up to 9600 
measurements/s from each channel 
with a resolution of 16 bit.
• Laptop for data storage and display
The main data acquired are:
• Drawbar force, from a Hottinger load cell
• Travel speed, from a fifth wheel and a 
radar sensor
• Weather station data
• Wheel speed of the tractor
• Fuel consumption, from a Pierburg PLU
• Temperatures of the different mediums.
The signal converters and the data col-
lector are located on the test vehicle, en-
suring short cabling to the signal trans-
mitters. Two SPIDER8 collectors with 
16 channels were used, but this can be 
extended. The control of measurement 
and the real-time display of the data 
(graphically) are accomplished inside 
the dynamometer vehicle. The meas-
ured data are stored, and detailed eval-
uation is carried out by postprocessing.
Results, available tests
With the help of the new dynamom-
eter vehicle, there are potentialities to 
make special tests, in addition to com-
mon drawbar tests, that are instrumen-
tal in production development (mainly 
of tractors). These potentialities are the 
followings:
• Drawbar testing on a field.
• Continuous testing of tractor behav-
iour, traction and drawbar perfor-
mance for a given travel speed (the 
dynamometer vehicle ensures con-
stant (stable) travel speed (speed con-
trol), and the input values for the test 
tractor are variable).
• Continuous testing of tractor behav-
iour, traction and drawbar perfor-
mance for a given drawbar force (the 
dynamometer vehicle ensures con-
stant (stable) drawbar force (force 
control), and the input values for the 
test tractor are variable). The draw-
bar-force demand (that is, the aver-Fig.2 - MAZ-537 pulling vehicle.
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age of it) of a given pulled implement 
can be simulated with the appropriate 
choice of drawbar force.
Discussion 
We have done experimental field tests 
with the dynamometer vehicle. Dur-
ing the experimental tests we used two 
types of tractors. The first one had a 
“common” powershift transmission; an-
other one was equipped with continu-
ously variable (step less) transmission 
(CVT). The experimental tests were 
done by two methods:
Method 1: increasing or decreasing the 
drawbar pulls step by step each point 
on the plot represents the average of 15 
seconds of data sampled at 10 Hz. The 
drawbar performance characteristics we-
re calculated with the help of regression 
curves of averaged data plots.
Method 2: increasing or decreasing the 
drawbar pulls continuously by uniform 
speed each point on the plot represents 
a data sampled at 10 Hz. The drawbar 
performance characteristics were calcu-
lated with the help of regression curves 
of sampled data plots.
Every method was useful for powershift 
tractor test. But during the second meth-
od we needed to change the increasing 
(decreasing) speed of the drawbar pull to 
reach the scaling when the performance 
characteristics of the tractor were close to 
the first method results. Using this meth-
od it is possible to reduce the length of the 
measuring section i.e. the effect of the soil 
characteristics changes on the test result.
In the case of continuously variable 
transmission using the first method it 
was necessary to harmonize the con-
trol system of the dynamometer vehicle 
with the tractor transmission-engine 
control system i.e. the reaction speed of 
the dynamometer vehicle control sys-
tem had to set under the reaction speed 
of the tractor control system. Otherwise 
there were happened swinging.
Conclusions
• The dynamometer vehicle construct-
ed from a military vehicle (MAZ 
537) is a suitable device for testing 
the agricultural tractors on the field 
to determine the drawbar perfor-
mance characteristics. 
• In case of the tractors equipped 
with “common” stage transmission 
the dynamometer vehicle is suit for 
done the test by static (increasing or 
decreasing the drawbar pulls step by 
step) and dynamic method (increas-
ing or decreasing the drawbar pulls 
continuously) as well. 
• For testing the tractors with con-
tinuously variable transmission it is 
necessary to harmonize the control 
system of the dynamometer vehicle 
with the tractor transmission-engine 
control system.
For further information: fenyvesi.lasz-
lo@gmgi.hu, www.gmgi.hu
Fig. 3 - Main components of the application.
